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IMPB0VED CHEMICAL » POOSHING CQMPOSHiCH^ 

ASSOCIAXlIDmillM^ M£1B<H> OF IJS^ 

3 l^ecliirfcal Mdd of Iin^i^tt 

Hie present ioveatton rekites g^neraUy to tbe chemical mechanical polishing of s^niconductor 
devices systems and methods, aid moie particularly, to a fiHrnuIation and nu^bod for use in 
polishing metal films in semiconductcnr intoronnection process^. 

m 

Background of the Invention 

The present invention relates to a chemical mechanical polishing composition for surfaces of a 
semiconductor wafer, and more particularly, to a chemical naeehanical polishing slurry and a 
naeQiod for using the slurry to remove and polish copper containing materials, barrier materials 
15 aiul dielectric materials layered on semiconductor wa:^ surfaces. 

S^ioiconductor wd^Ssrs are med to Sonn integFated circuits, ihe semicdnduc(£Hr wafer typically 
includes a substrate, suc:^ as ;d9ic<m, iqpcm'Which i&lecttk mat^Ms, barrier n^ and xn^d 
ccmductors and intercoiniects sffe layer^. These (Cerent materials have insulating, conductive 
2D semi-conductive pioperd^. Integrated drcidte axe Sotrmed by patterning re^ons te> flie 
substrate and deposi&ig th^on inii^le lay^ of cS^iecbric niaterial, bairiar inateriaOl^ and 
inetals. 

In tnder to meet the higher speeds required in LSI, semiconductor manui^turers are loddng to 
25 copper and its alloys as interconnect materi^ due to its decreased resistivity . Copper is also less 
vulnerable to electromigration tbm other me^ such as alinninum and less likdy to iracture 
under stress. 

In conventional deposition, a layer of metal and a layer of a masking material called photoresist 
30 are deposited on a silicon wafer. Unwanted metal is then etched away with an appropriate 
chemical, leaving the desired pattern of wires or vias. Next, the spaces between the wires or vias 
are ^ed vriih silicon dioxide (an insulator), and InaUy the entire waf&c siar&ce is polished to 
remove excess imidator. M copper deposition the damascene me^od is used wh^m an oxide 
layer is first deposited and &:e pattern of wires or vias is fonned by etching the oxide. The metai 
3 5 is then deposited second. 
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As sueeessive layers are deposited acscoss fireYiousiy patternied layers of an iiiCograted cii^mt, 
etevaticmal disparity or topogrg^hy devdops across lie stn^e ctf each layer. If left imatt^adedi, 
ffie elevational dispMities m each level of an jiitegrated circuit can lead to i^arious itfoblems. ibr 
exainple, when 

5 fUelectnc, conductive, iot s^^ is depoated over a tcipologfe 

elevatiaiaally i^sed aiid i^essed regkms, step xMsverage i^rdMenis tmy ms&^ St^ coveiPe®e is 
defbed as a tneasiire af how a film con&ims ova: m mdedying ^tep and is expi^sed by 
Jhe raiSo of the nxinhmim thickn^ of a An as it cross^ a ste^ to the boibs^ thtetoss^ oFlih0 
film over horizontal regions. 

10 

Typically for copper technology, the layers that are removed and polished consist of a copper 
layer (about 1-1.5 j^m thick) on top of a thin copper seed layer (about 0.05-0.15 \xm thick). 
These copper layers are separated from the dielectric material surface by a layer of barrier 
material (about 50-300 A thick). 

15 

In order to obtain the correct pattermng, exce$s material used to fbim Ihe layers on lie substrate 
must be removed and or plananzed. Furfliec, to obtdn efficient «ircidts, it is mi^ortatit to have a 
Hat or planar semiconductor wafer sui^ce. Thus, it is necessary to polish certam sur&ces of a 
semiconductor wafer. 

m 

Ghemical M^^ncal BoMm® or jPlananzadon (**CaWF^ is a process in which material is 
removed £rom a sut&ce of a semiconductor wi^er, and the smrface is polis^hed (plagiarized) by 
coupling a jd^ical process such as abrasion with a chemical process such as oxidation or 
chelation. In its most rudimentary form, CMP mvolves applying slurry, a solution of an abrasive 
25 and an active chemistry, to a silicon wafer or polishing pad ttiat buffs tide surface of a 
s^iuGonductor wafer to achieve the removal, planarization, and polishing process. 

One key to obtaining good uniformity across the wafer surface is by a polishing formulation that 
has the appropriate selectivity for the material(s) to be removed. Good slurry distribution and 
30 imiform distribution of mechanical force are also key to obtaining good planarity. If appropriate 
film removal selectivity is not maintained dicing of copper and/or erosion of the (Helectric may 
occur. Dishing may occm: when the copper and barrier renaoval rates are disparate or when the 
chemistry is too active for the metal interconnect layer, when ilie locjtl cfidectric 

removal rate is much high^ than fiie metal rate (see Figures 1-5). 

35 

Typical commercial CMP slurries used to remove overfill material mid polish semiconductor 
wafer surfaces have a barrier mattedal removal rate below 500 A/min. Further, these slurries 
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hm^ a copper to barrio material remov^ mte ^decfivity of greater ifiban 4:1 . tlais disparity in 
removal jfates during i&e mnavnL and pol^m^ of #ie l^errrier msA&rial resuKs in ^i^Mm^t 
dislimg €if cqpp^ on the suifece of ihe saiocondiK^ m0sac and/or poor i^ixio^ ^ ttie bai^^ 
material. 

5 

As a potoitial solution, copper CMP o&m employs a two-step slurry approach. The sluny used 
in the first step is typically used to remove and planarize bulk copper and as such has a higih 
copper removal rate, (e.g. 4000 A/min) and a ccHuparatively low barrier material removal rate 
(e.g. 500 A/min). The slurry used in the second step is used for the barrier breakthrough step and 
10 finishing and as such has a relatively high barrier material removal rate (e.g. 1000 A/min), 
comparable or lower removal rate for copper and low removal rate on the dielectric material, 
(e.g. the rates for copper and dielectric (thermal oxide) should be lo^er than 500 A/min). 

Giwrenfly, commercially available copper slurries use particles such as fumed or precipitated 
15 siHca 0r ahnmna m abrasives. Tliese abrasives typically have large particle size distributions 
when suEffKaided in the shnries. PailMes liifned ahunnia mid ^dlica have i^taieters moxmd 700 
nm and pardi^ size di^tr&utic^ of > 1 f*m. ^?ide pardde abze distribvdaoa may sj^oificantty 
impact fliep^^ eM(A&Rcy, 

20 OFumed m precipitated silica or ^umma no^y also s^gkimerate to fomi larger, dense, hard 
particle or agglomerated pred^itates over fime. pee IJJS. 5,527^423 to Ne^e, et al,). Wis 
pjoduces defects in the Sam of sc^atdies, vduis, deixts m pits cm ^ pofished vns£(S[ siHr&ce. 

Further, the abrasives are inorganic oxide particles that have hi^ harass. As a result, defects m 
25 the form of micro-scratches are produced on copper surfaces during and after poHshing. The 
scratches occur due to the solid abrasive, in particular alumina, which is the main material used 
as a metal polishing abrasive. Slurry remains behind in the micro-scratdies causing the 
semiconductor device to fail. Micro scratches and poor planarization efficiency result in 
integrated circuits with increased defects and a lower yield. 

30 

Current second stq) slurries suffer fiom a low selectivity of barrier to metal, the best selectivity 
being ^out iS to l, vtMe iiesdecdvi^ of barrier ^ to did^:^ is ia the range of ^^fi^ 
27. (See «^63306 to Kaufinan, et ^; 5^676,587 to Landers, et al,; 6,001,730 to i?aikas, et 
al.; and 6^,351 to li, et al.). 

35 
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fjierefore, it is one object of the present invention to provide m improved slurry composition 
usmg an abrasive having a moderate hardness to jfemove a soifter metal oxide layer while keeping 
iiehanJer barrier and therra^ oxide isgrer rdlativdy intact 

5 It is a farther object of fliis invention provide an niiproved two step ^urry a^irdadh nsing a 
first pdKsihing shmy h^feg a h^h removal rate on met^ and a high setecttvlty of metd to 
haraer and a second 
harner and a low to w 

W M is a finrther object of the present invmtion to provide a s^le first-step polishing sti]i];y 
comprising m abrasive that does^^ 

A still further object of the present invention is to provide a stable first-step polishing slurry 
comprising a moderately hard abrasive having a minimal particle size distribution. 

15 

These and other objects and advantages of the invention will be apparent to those skilled in the 
art upon reading the foUowing det^ed descri^ 

Smnmary of flie Invenidon 

20 

The present invention is directed to a chemical mechanical polishing slurry comprising a first 
slurry, which has a high removal rate on copper and a low removal rate on barrier material and a 
second slurry, which has a high removal rate on barrier material and a low to moderate removal 
rate on copper and the associated dielectric material. The first slurry composition comprises at 

25 least a moderately hard organic polymeric abrasive, an oxidizmg agent and an activating agent 
and ihe second slurry comprises at least a silica abmsive, an oxidizing agent and an activatmg 
agent Also disclosed as the present invention, is a method for chenucal mechanical p>Ushing of 
copper, barrier material and dielectric matmdl wi& the polidimg s^^ invention. 
As will become ^parent fix>ni the discussion that follows, Sxe stable slurry and meftiod of udng 

30 the slurry pro^de for removal of material and polishing of semiconductor wafer surfaces wilh 
significantly no dishing, or oxide exo^on, with significantly no sur&oe defects and ^od 
planarization efficiency. 

Brief Description of the Drawings 

35 

FIG. 1 is a K^oss-sectional view of a semiconductor wafer prior to chemical mechanical 
poHdiing. 
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FIG. 2 is M cross sec&mal view of Sie senuc^niductor mBiex of BIGL 1 JbOpwiag chm&c^ 
ixieehaiiica! polis^^ Si^t ^un% ac^ordic^ one i^saiKHiiin^ 

MG. 3 is a cmss secfkmal view of iie seimcondut^ of f^ig. 1 $oUovMg4ke^^ mecfaamcal 
5 pcdi^u&g ^witth £be first shiny, ^ccnxliag to anotfaa^ ixceseait iav^)^^ 

FIG. 4 is a crc^ siectioiaal view of flie semiconductor wafer of MG. 2 or FIG. 3 fbllowiag 
chemical tnechaiucal polisihing wifii the second shmy, according to Ihe present invmtioa. 

10 S1G«Sisaat>ss^^^ 

FIG. 6 is a cross sectionai view of a semicoiid^ 

DetaHed Description of the Invention and Preferred Embodiments Thereof 
15 The disclosure of the iMlowing Xlnited States patent g^lieafcion, whidi is commonly owned by 
ihe assignee of the preset appUcation i^ by reference in its entireiy: 

IjjS. Patent i^UcatS^ (^/^,298 ffled on May 1, 2000 in ihe nm^ crfTtoims H. 
et ail. 

20 

The pr^^ inyenticm ptesi^QLts a novel, s^le idhi^mo^r^^ (CMI^ shizzy that 

overcomes Ihe ii^cieaicies in the prior art wUle providing a inanitgictiH^ process that may 1^ 
implemmted in the semiconductor^mamifactm 

CMP systems and footprints. As will become apparent from the examples that follow, the stable 
25 CMP slurry and method of using such slurry provide for removal of material and polishing of 
semiconductor wafer surfaces with significantly improved defectivity including reduced dishing 
or oxide erosion, with si^ificantly no surface defects an^ 

The present invention provides a chemical mechanical polishing slurry composition and method 
3 0 of using such slurry for removing and polishing the bulk copper layer of a damascene processing 
step in the mmiufacturing of an integrate circuit. Fur&er, tfie foHowing invention provides a 
two step CMP story comprising a first slurry formulation, wMch has a high remoi^ rate on 
copper and a low removal rate cm barrier material and a second shiny formulation that has a M^ 
removal rate on barrio material and a low to moderate removal rate on copp^ and ^e assodated 
35 dielecfric material. 
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FIG. 1 illustrates a semiconductor wafer 10 prior to CMP. As shown, substrate 11 may be made 
of any conventional semiconductor matmals, including silicon, germanium or sflicon- 
getmanium. Layered on top of flie substrate 11 is dielectric material 12, which is preferentially 
silicon oxide, low k dielectrics con5>rised substantially of silicon oxide, a carbon containing 
5 silicon oxide or a fluoride doped silicon glass (FSG). Layered <mi flie dielectric material 12, is 
barrier material 13. The barrier material layer 13 is typicaUy about 50 to 300 A thick, lie 
barrier material 13 may be any material conventionally used, but is typically chosen from the 
group of tungsten nitride, tantelmn, tantalum nitride, titanium nitride, silicon doped tantalum 
nitride or silicon doped titanium nitride. Finally, a layer of copper 14 covers the barrier material 
10 layer 13, and extends into trenches 14a, 14b, and 14c. The copper layer 14 is usually about 1-to 
1.5 /xm ttiick and flie copper layer 14 in FIG. 1 may include a fliin copper seed layer, which is 
usua% about 0.05-0.15 ^Mck. ^ 

The invention is a CMP slurry designed to polish copper 14 and associated barrier materials 13 
15 such as tun^ten nitride, tantakim, tantalum nitride, silicon doped tantdlum nitride, titaniimi 
nitride and silicon doped titanium nitride. The <*emiGal medliameal polishing fihmy X)f tte 
present inveatim is coniprised of two imrts. The first ^dntry is a copper seteclive slurry 
ioOTidWon used to renM>ve to the bara^ layer piCL 2)- l*Le first stey 

has a hi# iemoval rate of copper m^ iaiym mm^^iii^ of barrier material. The second slurry 
20 fonimlation is selective to the bam^ layer and xenaoves the banter tmterial down to the 
dielecMc material. The second slruny has a high removal rate of barrio and a low to moderate 
removal rate of coiner and dielectric. JpIGw 3). The various r^oval rates of ihe first and second 
slumes on various materials ^ idiown in Table 1. In this way, two shirries together comprise a 
coiribined package to polish copper metalhzation schemes for integrated chrcuit manufacturing. 

25 



Table 1. Removallfattes of the First and Second Slurries on Different Materials* 



Layer 


First Slurry 
Removal Rates 
(A/min) 


SdectiviJy 
FirstStep 
Cu to Material 


Second Sluny 
Removal Rates 
(A/min) 


Selectiw^ 
Second Step 
Ta to Material 


Cc^er 


4100 




1 


60:1 


Tantalum 


<8.2 


>500 


60 




Tantalum Nitride 


<8.2 


>50O 


81 




Thermal C%!dde 


<8.2 


>5O0 


31 


2:1 



*ip>r the list step/Do^ 4 psi, Flow Rate = 160 xsiLksM^^^^oGd = 125 rpm. Quill Speed = 1 16 ipm. 

Pad Type = IC 1000 Subpad: Suba IV, For the second st^, Down Force « 4 psi. Flow Rate = 160 mL/min, Table 
Speeds 45 rpm. Quill Speed - 42 ipm. Pad Type«IC 1000, Siibpad: SubalV) 



30 

Referring to FIG. 1, In one embodiment, the present invention mcludes a melJiod for chemicaa 
mechanical polishing eopper 14, barrier materiaa 13 and dielectric material 12, con^rimig the 
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Mkmiiig si^s: (1) pnividii^ a fi^ 

polymerio abrasive, wherein said first shmy has a Mgk temovsl rate on cof^p^ 14 and a low 
r^noval rate on battier m^erial 13; ^ chmmcBl medhanical poHsiluiig a senuconductar i^vafer 
sutfece 10 wi& tihe first shmy; (3^ptovis3m$ n^ecmd chm&csi wedbaaical piMstk^ dmy 
5 Itas a lilgji jmioi^ rafe^^c^ l^arrier m£^rM 13 a low to modi^rate mnoval rate on copper 14 and a 
low to moderate renioval rate <m &e dkAectric matenai 12; and 0) cimitcal itieohapjcjil 
pc^Sstttg &e seiBi^^ 

Generally/the slurry is applied to a pad contained on a polishing instnmient 
ID onto the wafer to be processed. Polishing instrument parameters such as down force (DF), flow 
rate (FR), table speed (TS), quill speed (QS), and pad type can be adjusted to effect the results of 
the CMP slurry. Preferably the down force is in a r 10 psi, the flow rate is in 

a range of from about 120 to 200 mL/min, the table speed is in a range of from about 35 and 200 
rpm, a quin speed in araiige of fiwsm about 30 to 200 tpm, and an lC 1000 jjad ^e. 

15 

Hie polidnng pad serves as a tn^ms of implying mechanicd. friction and adhesion to fiie wafer 
sijr&ce. Ihe x^rptimim haidn^ different d^ending on the object on which CMP is 

hmng pa:fonned. in the instant invention, a hard pdlisytig pad is pre^red, $uch as the type 
nianidactored % Rodel, 3S04 Bast mtkms Street^ ^Rhoenix, AZ S5034 and sold under the brand 
20 nameIC IQQO. 



According to one embodiment of the present invention, FIG. 2 illustrates the semiconductor 
wafer 10 of flG, 1, after stq)s (1) and (2) of the present mefliod for CMP have been carried out, 
and the semiconductor wafer surface has been polished with the first slurry. When FIG, 2 is 
25 compared to FIG. 1, the top copper layer 14 in FIG. 1 has been preferentially removed, and only 
the copper in the trenches (FIG. 2) 18a, 18b, and 18c is left As shown in FIG. 2 the barrier 
material layer 17 is substantially in tact, and the dielectric material 16 based on substrate 15 is 
still une^t^osed. 

30 According to a fiuiher embodiment of the present invention, FIG. 3 Slustrates the semiconductor 
waf^ 10 of BIG. 1, after steps <l)and^<tf fee pres^ 

and fee semiconductor wafer sm^e has hem over-^poUshed with fee first shiny in order to 
renioveaU the bulk copp^ on tc^ of the baitier layer, while l^iving the barti^^i^^ 
tact When FIG, 3 is con^ared to FIG. 1, tte top copper feyer 14 in WKS. 1 has been 
35 preferentially removed, and only the copper in fee trenches (FIG. 3) 20a, 20b, and 20c is left 
As shown in FIG. 3 fee barrier material la^^r 21 is substantially in tact, ai»! fee dielectric 
ma^rial 22 based on substrate 23 is still miesqposed. 
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Simlady; WIG. 4 ilb$trates Ibe smucoi^ucto 1;0 olf WCSS. 1 mi 2 and 3, steps <3) 
iand (4) of the present method for GMP have been earned out, and the semieonduetor ymSs£ 
siirfacehas been pdfished 'with the second slmy. As siho^ in flOw 4, tbe %am^ inatedal la^ 
24 has been removed dovm to the dielectric irmtedal 25- The second slurry also removed just 
S enoULgh of the copper in hrendies 2iga, Wb^ and 2& so that ifae sur&ce of the semicaoductc^ 
$0 % and |)lanar. the jsecoisd diuiy serves to i^xlish the mposed sur&ce> 
McMlag tl^ didectiie msimal 15^ the batifler ma^^ 240, 24b, 24c, md ttie copper 26a, Mb^ 
2^0. Ai of these ma^^ 

10 By mmg the first and second step slurry eompositiQns of iie claimed inventiGn, with the 
selectivities described in Table 1 , and following the described method, copper dishing (FIG. 5) 
and oxide erosion (FIG, 6) can be minimized. FIG- 5 shows a semiconductor wafer 1x) 
CMP slurry has been applied, which had a higher selectivity for copper 28a, 28b, 28c than for 
the barrier material 29a, 29b, 29c or dielectric material 30. As a result, disparate amounts of 

15 coppox are removed from the sur&ce of the semiconductor wafer. This is known as eopper 
disbdng and is shown by the iSsMke troughs 31a, 31fo, and 31c hi the tranches of copper 28a, 
28b, 2Sc. the GMP slurry of the present invention mA methcKi of using this slurry gceaHy 
reduces copp^ dishing. 

20 Siinilaiay, BIG. « shows a semicanductor wafer to wMdh a GMP slurry has been appUed, which 
has a lu^l:^ selectivity for Its dielectru: materiatl 32 ttmn for Ihe barrkx iti£dmal^ 
or copper 34a, 34b, 34c. a result, disparsdie amounts of ^electric ntiatmal are removed firom 
the sinc&ce of the semiconductor wafer. This is known as oxide erosion and is shown by the 
indentions audAn: reduction of the dielectri^c material 32a, 32b. The CMP slurry of ihe present 

25 invention and method of using tl^ oxide erosion* 

The present invention provides a novel first-step shiny poHdiing composition comprising an 
organic polymeric abrasive having Uttle or no agglomeration over time. 

30 International patent PCT/US0O/17O46 teaches that agglomeration of abrasive parficles occms in 
two stages. Stage 1 agglomeration involves agglomerated particles held together primarily by v^ 
der WaaJs forces. Stege 2 agg^kimeradon can occur after st^ 1 aggjomeration, wherein the 
particles then iise ^Ofgetti^ over time, caushtg the paiticles 1o be primarily hsild together not by 
van der WasSs forces, but rather by covaletri: (or similar-^e high mergy) bonding betwe^ the 

35 particles. The pr^ent first step slurry fomtufl^^ and stage 2 ag^omeration. 
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In one emboc^om^ ili^ pres^ iixvexitiQii piioiddes a CMP slurry concpcismg a first step sluiry 
con^osition useful for removal, plaaanzattoa and poMshing of metal layers firom a 
semiconductor substrate. The composition comprises a novel organic polymeric abrasive that is 
moderately hard and does not agglomerate ia &e formulation over time or during use. The 
5 moderately hard nature of the polymeric abrasive provides for the removal of the softer cc^per 
oxide layer while keeping the harder hairier and thermal oxide layer relatively intact 

The abrasive component of the JSrst stsp slurry may comprise any pol3ane£ic material that is 
sufficiently hard to abrade copper/copper oxide, in any shape or form that sufficiently abrades the 

10 metal and/or metal oxide layer firom the substrate surfece. In one embodiment, the abrasive 
component may comprise any organic polymeric abrasive having a Moh's hardness of between 2 
and 8 and more preferably between 2 and 6. Specific examples of polymeric materials useful as 
abrasive cornponents inehide but are not limited to poly (serenes), poly (p&i&rs), poly 
(siloxanes), poly (vinyl acetates), poly (vinyl alcohols), poly (vinjd b^izenes), poly (acrylics), 

15 poly (butadienes), poly (acrylonitriles) and substituted versions and mixtures thereof. Colloidal 
solutions of ftese polymer solutions sa:e available firom Polysciences, Polymer Systems AS, and 
ihi^ficrc^wirticles XkriM. Raw rnateriak to manuibcture these particles are widely commema% 
av^able in the papar indmtry as paper sur&ce sizing ^^e, 
litto:/^w. 24cara^ ssGale^htrni for a description of Mdh's hardness, 

20 in<^]pomted hqrdn by reference m its entirety.) 

In a prefetred ercbodiment, the CMP slmxy con^rises a first sluny polishing foimulation useful 
for removal and polishing of copper containing materials firom a semiconductor substrate, 
wherein the formulation comprises poly (methyl methacrylate) as the abrasive. Preferably, the 

25 poly (methyl methacrylate) particles have a particle size distribution in the range of firom about 3 
to 100 nm, more preferably firom about 15 to 80 nm and most preferably firom about 30 to 60 nm. 
Preferably the mean particle size distribution of the poly (methyl methacrylate) particles is in a 
range of firom about 20 to 80 nm, more preferably firom about 30 to 60 rnn and most preferably 
the mean particles size is between about 40 and 45 nm. Preferably the specific gravity of the 

30 particles is between 1 and 1.5 g/mL. 

The poly (methyl methacrylate) or other polymeric abrasive partides of the present invention 
have an aggregate size iSstribution of less ihan 1^0 micron and an average or n^an aggregate 
diameter of less than about 45 nm. These abrasive particles have a much roilder hardness 
35 con^ared to alumina and sflica abrasives. 



9 



BNSDCXSID: <W O 030159B1A9 I > 



PC1VUS02/25791 



The first step slurry, thus, can en^loy polymedc constitueats as the abrasive particles in the size 
range of 3 to 100 nm. Itese particles coupled wifli tibie step 1 foimulatian chemistry described 
below, allow the first-step slurry to achieve a high copper removal rate but a minimal bamer 
material removal rate. Poly (methyl mefhacrylate), with a narrow size distribution, mmimizes 
5 micro scratch defects and provides siflperior removal rates on copper materials, greater than about 
1000 A/min, nK>re pref^ly greater than about 2000 A/min and most preferably greater than 
about 4000 A/min and low removal rates for barrier and dielectric. Further, such abrasives with 
a mean sisse of less than about 45 nm provide very good planarization efificiency wiifaout 
increased d^fectivity. 

m 

In a Mi&r i^odmient the CMP shirry comprises a fkst step slurry polishing formulation for 
receioving a copper coirtaining layer &om a substrate, said formulation eon^rising a polymeric 
abrasive, oxidizing agent and activating agent. Preferably the formulation has a pH in a range of 
fe>m *out 0.1 to 6.9, mom 5 and mostpreferably, the pH 

15 of the polishing formulation is in the range of from about 2 to 4.8. The pH of the sdlutioii is 
critical to achieving acceptable removal rates. 

As used h^^, the term oxidiang agent is de&ed as my substence which r^aaoves metal 
electrons and raises the atonflc valence and includes but is not limited to hydrogen peroxide 
(H2O2), ferric nitrate ^^(^33)3), potasswun iodate PIO3), potassium permanganate CKMn04), 

20 nitric acid (HlN^ ammonium chlorite (NH4CIO2), ammonium chlorate (N^^ ammonium 
iodate (NH4IO3), ammonium perborate (NH4BO3X ammonium perchlorate (MH4CIO4), 
ammonium periodate (NH4IO3), ammonium persulfate ((NH4)2S208), tetramethylammonium 
clilorite (CN(CIfc)4)C102), tetramethylamniGnium chlorate ((N(CH3)4)C103), 
tetramethylammonmm iodate ((N(CH3)4)I03), tetramethylanamommn perborate (0Sr(CH3)4)BO3), 

25 tetramethylammonium perchlorate (CN(CH3)4)C104), tetramethylammonium periodate 
((NPEI3)4)I04), tetramethylammonium persul^ ij^((^4i^7(3^. hydrogen per«sxide 
((CO(NH2)2)H202). The preferred oxidizing agents for the first-step slurry cong>odtion of the 
ins^t invention are hydrogra peroxide and iodate salts. 

Alternatively, the oxidizmg agent may comprise an amine-N-oxide having the formula 
30 (RiRsRaN-^O), wherein R1R2R3 are independently selected from the group consisting of: H and 
Gj-Cg alkyl. Specific examples of amine-N-oxides include but are not Hmited to 4- 
methylmorpfaoline N-oxide (G5H11NO2) and pyridme-N-oxide (C5H5NO). 

Further, as used herein, the term activating agent is defined as any substance fiiat in flie presence 
of a water containing solution solubilizes or etches the oxidized copper material. Copper 
35 activating agents useftfl in the present invention include but are not limited to mineiM acids (le. 
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hydrochloric acid, nitric acid), inorgamc acids j^hosphoric acid) and otg^ic acids (jl^. citric 

md, acedc ^idand iimldc add). I^referal^ly ffiie a^^ti\r£ding ^eii^ 

isciMcadd. 

5 hiaiiH&erei3iftH>di^ 

apdpii^ric axi G3duii2^^ a^assivatil^^^gent^^^ 

cteawitg ^ent Wr^$r23[!^ the first*^^ isluny co^osilion xsonqprisiMs a!)qut 1o 50 
percent colkndal poly (methyl melhacrylate), £xm ^cniit^ to 25 pe^cmt ^x^^^ frym 
about 0 to 5 percent actrvatttig ag^ ftom about 0 to 3 percent passiv^laiig ag^ 
10 0 to 3 percent cleaning agent. Prefeably the pH of the first-step shiny con3p0^&»i is l^elwe^ 
about 0.1 to 6.9 ajid more preferably betwem about 1 to 5. 

As used herein, a passivating agent is defined as a substance that reacts with the jfresh copper 
suri&ce and/or oxidized coj^er thin film to passivate the copper layer and prevent excessive 
1 5 etctoig of the copper sui^ CMP. The first slurry of the present invention is sufficiently 

fe^^ to the inetal surfeee being perished to have a sitatic meM etch xate of less fhm 500 A, 
inctte preferably less to 

As used hereia, a clemiag assat is ddSiied as a siibstaiice that ^slOM^r etdxe$, or chelates to the 
20 copp^, lesuimg to soluble copper complexes that can be readily reinoved during polisMng. 

The passivatittg agent and cleaning agent naay be a caiboxylic acid. More specjfica&y, the 
caiboxj^ acid njay be diosen fi^^ group of glycine, oxalic acid, nialoni^ add, succinic acid 
and nitrilotriacetic acid. Alternatively, the carboxylic acid naay be a dicarboxylic acid that 
25 preferentially has a nitrogen containing functional group. Preferably, the passivating agent is 
iminodiacetic acid. Other substances useful as s include but are not limited to benzotriazole 
(BTA), tolytriazole, BTA derivatives, such as BTA carboxylic acids, cystine, haloacetic acids, 
glucose and dodecyl mercaptan. 

30 The first step^slurry composition may further comprise potassium or ammonium hydroxide or 
any weak organic base, such as tetramethyl ammonia, tetraediyl amnKjnia, and aznines in subh 
amounts as to adjust lie pH to the desired level. 

In a preferred einbodiment, the first step slmiy formiQation is an aqueous (by 
35 wei^ peteenlage) 5 percent poly (methyl methacacylatte) as the abrasive or 12.5 percent cblbidal 
poly (mediyl meth^nylate) as abrasive; 0.1 percent of dtnc acid as activating agenfe and 0.2 
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p&rcent Idrunociiacefic add as • Aaaamoiuiim was used to adjust the ^ to the de^ed 

level. 

abrasive used in Ihe preffetred firslHStep steiy feEBttufetHou of iko present iixve^dDii may be 
5 stabilized i?rfth a sui&d:ai£t The mt&ctaxA be iCsittiMc or atonic. l^S&^ly ike mtfaci^t 
is mmm. Tbe sur&ce ^shai®@$ that ttie sui&staiit jbxg^^ to the ^arfieles cai^ steric i:e^uM0ai 
aoicN^ the ^stoiasave partidtes M kseep ifihe paWacte^ ^su^p^nii^ to a iJofloP 

the CCND^QSl^^ 



10 Anionic surfactants are ionic compounds, with the anion being the surface-active portion. In the 
present invention the surfactant is selected firom the group consisting of alkyl sidfat^, 
earboxylates and alkyl phosphates having carbon backbones in the range of fern CIO to C14. 
Preferably the surfactant is a sulfate. More preferably the surfactant is sodium laurel sulfate. 

15 By coating the abrasive particles with a surfactant or polyelectrol5^e prior to incorporating ihe 
particles hito a slurry system or alter the particles are incorporated into a system, stage 2 
ag#Qmer£^on may be SnMbited. The suifactaht an#or polyelectrolyte miH tend to remain in 
close proximity to the shray particles, hereby sterically h^ndenng the jmrticles from coming 
sifficiently close to one another to ^able stage 2 agglom^ation. 

20 

IDm^g ihe dami^cene process, grooves are dry etched into an insulating thin film to form an 
interconnect pattern. ^Si5)per or cepp^ aloy is depos^^ over ihe entire wafer surface, reflecting 
the groove which is the interconnect pattern. If left unattended, the elevational disparities in each 
level of an integrated circuit can lead to various problems. For example, when dielectric, 
25 conductive, or semiconductive material is deposited over a topological surface having 
elevationally raised and recessed regions, step coverage problems may arise. Step coverage is 
defined as a measure of how well a film conforms over an underlying step and is expressed by 
the ratio of the minimum thickness of a film as it crosses a step to the nominal thickness of the 
film over horizontal regions. 

30 

Alfhougji the organic polymeric abrasive particles of the present invention have been directed to 
pcdy ^aethyl melfaaorylate), it is understood that the teachings herein have qspHcabilily to other 
orgamc poJ^nnmc materials such as poly ^styren^, poly (ethe^), p<ay ^oxroes^, poly (vmyl 
acetate), poly (vinyl alcohols), poly (ethylenes), poly (imides), poly ^wnyl benzenes), pc% 
35 (acayhcs), poly (butafflenes), poly (acrylomtriles) and substituted versions 1hera>£ Fmiher, the 
organic polymeric abrasive particles may be utilized to poBsh other metal surfaces such as 
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tangsten, ialtmdi^^ and Ixtaaimn as well as under lay^ sudti as ttomini, ^Stanhim ^tteide md 

As described hereinabove the present invention provides a chemical mechanical polishing first- 
5 step slurry formulation for removing and polishing die bidk copper layer of a d^Enascene 
processing step in the manu&cturing of an integrated circuit 

At the end of the first step, the bulk copper material layer has been removed exposing the 
imderlying barrier layer. A second-step sluny is useful to remove the barrier layer and to 
10 complete the planarizatipn of the wafer smfece. 

in the second step polishing whidi is also called a barrio break through step, a high removal rate 
for barrier (i.e. Ta or TaN) and a high selectivity of barrier to copper and to dielectric is 
desirable. In a preferred embodiment, the second step slurry formulation achieves removal rates 
15 of > 1000 Aitoin for the barrio nmteriaL 

l^e present invention pro vides a two-step pohshing formulation conopnsing first and second-^step 
sluny compositions, wherein said Srst^step Slurry comprises an organic ;polym<^c abrasive and 
said secxxDtd-^tep slurry comprise an abrasive, and an oxidizing agent, Wherdn the abrasive 
20 component is selected £rom the group consisting of ^silica, alumma, ceria and mixtums thereof. 

Further, the instant invention relates to a second^step poli^iing sturcy Ibatmilatixm coinpfiidng 
silica as abrasive particles, and a complexing agent. The chemistry of the secdnd-^step slurry 
shouM be stable and have a pH in fee range of about 4 to 10. 

25 

Preferably, the particles of the second step slurry formulation are precipitated silica. The 
precipitated particles usually range from about 3 to 100 nm in size and can be spherical. An 
alternative to precipitated siUca particles in the second-step slurry is fumed silica. Generally, the 
fumed silica has a mean p^cle size of less than 700 nm. 

30 

Alternative and more preferred is to use coQoidal ^lica particle of the type desadl^. Ihe 
colloidal sflica particles can range firom about 3 to 70 nm in size, and can be s^toical 
Prefermtialliy, when the first and second step slurries employ spherical colloidal particles, the 
particles shoifld have a narrow size dist^ More specificaUy, about 99.9% of the spherical 

35 coUdidal particles should be Witlm ab with ne^gible partiGles 

larger than about 500 nm. 
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The second step slurry, thus, can employ either precipitated spherical silica particles in the size 
range of 3 to 100 nm, or fbmed silica with mean particle size less than about 700 mxL Ihese 
particles coupled wifli an oxidizing agent allow the second-step slurry to achieve hi^ barrier 
matadal removal rates and low copper and dielectric removal rates (as shown in Table 1 
5 heretofore). Colloidal silica, with a narrow size distribution, minimizes micro scratch defects 
and provides si^erior removal rates on terrio: materials, greater llim about 1000 A/^oam, md low 
removal rates for copper and barrio. Furth^, sphmcal silica abrasives wiih a mean size of less 
flian about XOO nmprovide very ^od planarization efficiency (Ste Table 1, herOTmbove). 

10 The eieamng agent or eompiexing agent as used in flae second st^ slurry is defined as any 
substaiice, which when mixed wiih the seeoB^ durry con^osition, suppresses etching, while 
permitting a sufBeient CMP rate to be obtained (i.e, ethylenediamine, referred to hereafter as 
EDA). The cleaning agent in the second step slurry formulation, may for example, comprise 
benzotriazole (referred to hereafter as BTA), a BTA derivative (le., tolytriazole, BTA carboxylic 

15 acids) and/or a carboxylic acid. Carboxylic acids useful in the second step stay i^nnalatkm 
include but are not limited to: glycine, oxalic acid, malonic acid, succinic acid, Mtt^otriacetic 
acid, and citdc acid. Aiternatividy, fee coiipliKdng agent may be a dis^box^dic add that 
preferentially has u inkrpgen contaimng functiional group m an amine, (iLe,, munodiac^c acid 
pM) and^tine). In Ihe most prdBsn^ con^ptexing iigent for liie seeond-^$fcep ilmry 

20 composition is ethylenediamine ^fisered to hereafter as SDA) or Nttnodiacette acid. Oflier 
substances useful as cleaning aigenis inchule but are not jytoaited to: baloacdic acids, ghieose and 
dodeoyl mercaptan. 

In a fWher embodiment, the second step shirty con^osition may further comprise and oxi^ing 
25 agent The i»:eferred oxidi2ang agent for the second step shirry is hydrogen peroxide (H2O2). 
Alternatively, the oxidizing agent may be selected from the group consisting of: ferric nitrate 
(Fe(N03)3), potassium iodate (KIO3), potassium permanganate (Kmn04), nitric acid (HNO3), 
ammonium chlorite (NH4CIO2), ammonium chlorate PH4C1G3)5 ammonium iodate (NH4IO3), 
ammonium perborate PH4BO3), ammonium perchlorate (PH4CIO4), ammonium periodate 
30 (NH4IO3), ammonium persulfate ((ISiaOaSaOg), tetramethylammonium chlorite ((^(013)4)002), 
tetramethylammonium chlorate ((N(CH3)4)C103), tetramethylamnaomim iodate (fN(CH3)4)I03), 
tetiamefiiylammoMum prorate ((N(CH3)4)B03), tetramefl^ammoimjm percblorafe 
((N(C^ tetramefhylammoinum praodate {(NCGRd^^ tetramefejdammoimm 

persidfate ((I^^ 

35 Alternatively, the oxidizing agent of the second step slurry may comprise an amine-N-oxide 
having the formula (RiRaRsN-^'O), wherein RiRJRa are independently selected from the group 
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consisfing of: M mA Ci-Cls alkyl. Spedfic mjmpl& of ^molii4e but not 

limked to 4TQiefl}y|]iio]^^ and pjnrMine-l^-oxKfe ^CS^tyE^). 

l!he second st^^^ur^x^ompositibn^n^ a]](uxK»ten li^^^ 

5 any meak oi^iaiuc base, such as tetmm&kyl ainmonia, tetraetbyl axninonia, and amines in sach 
aiBEnints 1^ to adjust ^ to fee de^ed level. Rx^ai:sMy, tbe pH of the secocbirSt^ st^^ 

tkik^K);^!^^ is ten abM 7.1 to 10 wd inor^ pire^^ 7.9 Ip BM. 

& one rnibodiment, the seccoid step-shiny eonipo^tidn con^ses &Gm about 0 to 30 poxsaoit 
10 03d<Kzer, about 1 to ID peraei^ collcndal sQiqa m precipitated silioa, about 0.01 to 5 pecceipit 
Goniplexing agent 

In the most preferred embodiment, the second-step slurry composition comprises 0.05 percent 
ethylenediamine as complexing agent and 5 percent colloidal siHca. 

15 

Mthou^ the present invention is directed to mmoval of copper, copp^ containi^ 
related barriers, it is not thus linked to such. The present invention is us^M £»: poMiiag and 
planarissxrig imterials usefid as ^dtten^Mmects and rdated baxiiers ia sensdconduct^ rd^sd 
applications including but not lixmted to iduminum, aluminum alloys, idun^mum con^poiinds 
20 having aluntxinum as its principal cons)onent, tungsten, tuuigstm alloys, tuagsten con]$>omids 
havixig tungsten as its principal t^iinpon^ (i.ei„ tungst^ titttide), taiMabim, taxd^ilum njtd^ 
silicon dof^ tian^ummtride,tita]U:un^ titanium and fitaxuuni compounds ha\dngtitaniiim 
as its pdmapai conyxnient (i^e., titaniuni niliMe and silicon dqped^K^uiun ii^^ 

25 It is further understood that the present invention is not limited to the particular embodiments 
shown and described herein, but that various changes and mod^calions naay be made without 
departing from the scope and spirit of the i^^ 

The features, aspects and advantages of the present invention are furflier shown with reference to 
30 the following non-limitmg examples relating to the invention. 

Examples 

The pH, oxidizmg agents, modi^riiig agents, abrasive partible compoaltidn and size distribution, 
and weight percent were evsduated to estabhsh a baseline for 
35 second step slurry formulations. 
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iExanH>le 1: Slurry 1 FoiTOttlatfons ShcnviRg Static ^^]^ ^ 

SeveM j3xnii]lations of flie first shirrifis vvere iirepared- Ihe static letch Tem^ ir^ of 
ifce$e fiinmdati^ are described ia ITaMe 4, As om fee seesii fean WsWe 4, Uie fir^ stej) storry 
ifoiimdaiio^ ttf the piesent iin^ciition eEEectfcve in adtue^g acceptable static x^opper 
5 xeiBDvaSral^^f M 

time t. lEtmsimd tbil^ tilitter S^tdc CoiiiWhai^ (^00^ Oi^^ ^|a(^ in m^ta 



Percent 







Citric 
Acid 


IDA 


IX-38 




pH 










1 


3 




0.2 






2.5 


300 (2) 








2 


5 




0.1 






2.6 


237(2) 








3 


5 






5 




4.1 


208(5) 








4 


5 


1 




5 




2 


N/A(5) 








5 


5 




0.2 


5 




2.3 


N/A(5) 








6 


5 


1 


0.2 






2.1 


1600 (2) 


944(3) 






7 


, 5 , 


1 


0.2 


5 




2.2 


N/A(5) 








8 




0.5 




5 


0.00273 


3.5 


1.17 (1) 








9 


5 . 


0,5 






0.00523 


3.5 


661 (1) 








10 


5 S 




0.2 




0.00298 


3.7 


150 (1) 


90(2) 






11 


5 


0.5 


0.2 




0.00891 


3.5 


640 (1) 


501 (3) 






12 


5 


0.5 




5 


0.00529 


3.5 


793(1) 








13 


5 




0.2 


5 


0.003 


3.6 


149(1) 


98(2) 


70(5) 




14 


5 


0.5 


0.2 


5 


0.00885 


3.5 


858 (1) 


627 (2) 


453 (5) 




15 


10 


0.5 


0.2 


5 


0.00912 


3.5 


1029 (1) 


578 (2) 


468 (5) 


439 (10) 


16 


1 




0.2 


5 


0.00851 


3.5 


855 (1) 


666 (2) 


563(5) 


520 (10) 


17 


5 


0.25 


0.5 


5 


0.01 


3.5 


601(1) 


488 (2) 


450(5) 




18 


5 


0.25 


1 


5 


0.017 


3.5 


836(1) 


561 (2) 


377(5) 




19 


5 


0.25 


0.5 


5 


0.44 


3.5 


960 (1) 


504 (2) 


300 (5) 


298 (10) 


20 


5 


0.1 


0.1 


5 


0.022 


3.5 


260 (1) 


181 (2) 


159 (5) 


199 (1) 


21 


5 


0.1 


0.2 


5 


0.032 


3.5 


424 (1) 


273 (2) 


138 (5) 




22 


5 






5 




4 










23 


5 




0.2 


5 




23 










24 


5 




0.2 


5 


0.027 


3.5 










25 


5 


0.1 


0.2 


5 


0.013 


2.5 


528(1) 


516 (2) 


323(5) 




26 


5 


0.1 


0.2 


5 


0.028 


3 


400(1) 


285(2) 






27 


5 


0.1 


0.2 


5 


0.041 


3.5 


273(1) 


178(2) 







lliemnabers in pareiifi^^ 



10 Example 2; 

Taible 3 outynes twelve fomniUatioiis and poUshing conditioiis for the second step polishing 
sluny lasted on Ta, TaN, Gu and fliennal oxide blanket wafers (Table 4). The various 
formulations comprise betwera 0 to 13 percent hydrogen peroxide CE^jOj) as oxidizing agent, 0 
to 0.05 percent ethylenediainiiie as complexing agent, between 0 to 0.1 percent BTA, or between 
15 0 to 0.2 percent iminodiacetic acid as, and between 5 to 10 percent colloidal silica or 5 to 10 
percent precipitated silica. Ilie pH of ihe fcrmulatic^ The polishing 
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condUoixs xan^d 6dm tabte speed 0S) of 45 to 125 ipm, CC^) of 42 to 1 16 rpm. 



Table 3. Compositions and Poiisliing Conditions for Second Step Slurry 

5 



Sluri*ys 








MMfA 


A^OUOlu 
si 

Silica 


i^Fecipiiac 
pi-l 

SiOca 


MWJXl 




j^Qusn A^oniiiiions 


i 




0.05 






5 ■ ■ 






8.8 


125/116/4.m60 


■ 2 










5 




* 


6.8 


125/116/4.0/160 


3 


0.5 


0.05 






5 






6.8 


45/42/3.5/160 


4 


13 










10 




8.1 


125/116/4.0/160 


5 


13 






m 




10 




6.8 


125/116/4.0/160 


6 


13 








10 




* 


6.7 


45/42/3.5/160 


7 


13 










10 




7.9 


45/42/4.0/160 


8 


13 










5 




8 


45/42/4.0/160 


9 


13 










15 




8.1 


45/42/4.0/160 


10 


13 




0.02 






10 






45/42/4.0/160 


11 


13 




0.005 






10 






45/52/4.0/160 


12 


0.5 




0.1 




5 




* 




45/42/4.0/160 



"^chemical used Id adjust the pH 



T^i]ae4. Bemoval Rates (4^mln) imd Selectli^ies tising Second Step Slurty Conipoisdtloiis 
OuiOinedtnTableS. 



Slurry: 


Cu 


Ta 


TaN 


PETEOS 


Ta:Cu:Oxide 


TaN:Cu:cxide 


1 


116 


130 


1167 


127 


1:1:1 


1:0.1:0.1 


2 


29 


42 


35 


N/A 


1:0.69 


1:0.83 


3 


1071 


567 


622 


43 


1:1.89:0.076 


1:1.72:0.069 


4 


138 


562 


659 


667 


1:0.25:1.19 


1.0.21:1.01 


5 


812 


562 


1082 


807 


1:0.69.0.70 


1:0.75:0.75 


6 


62 


28 


47 


50 


1:2.2:1.79 


1:1.32:1.06 


7 


123 


512 


203 


195 


1:0.24:0.38 


1:0.61:0.96 


8 


102 


75 


121 


52 


1:1.4:1.7 


1:0.85:0.43 


9 


164 


432 


435 


447 


1:0.48:1.31 


1:0.38:1.03 


JO 


»jf « 


166 


232 


172 


1:0.006:1.04 


1:0.0043:0.74 


11 




162 


197 


170 


1:0.0062:1.05 


1:0.0051:0.86 


12 




60 


81 


31 


1:0.017:0.52 


1:0.012:0.38 



A$ Taible 4 indicates, a sdectiv% of 10:1:1 was obtained using Slurry 1. 

15 Wim Ta is the banter material, two useful fonnulations were discovered. Hie first one was 
based on second step foimtdation. Slurry 7 as listed in &is fable, wMch includes 13 wt % of 
H2Q2 and 10 wt % of a precipitatel silica abrasive. To Ms slurry, BTA 0 was added witti 
concentraiions of 0.005 wl % (Sluriy 11) and 0.02 wt % (Slurry 10). Wifli die mcKlified Sluny 
7 fonmdation, removal rates for Ta, TaN, <3u and PETEOS have all been reduced, with the 

20 largest decrease in copper. However, a selectivity of TaiCu of 166:1 has been obtdned. The 
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mmy 12 fonni^lation wMch employad a 5 wt % eoMoidal sfliea, 0.5 wt % IfcPz, 0.1 % BTA 
with ajiH of 8 cibtataed a 15a:Cii:PE3MaS 

jExainble 3: StabHitv Expemnent 
5 The poly (methyl methacrylate) coHoid of the step one sluny foimidation shows outstanding 
chemical and mechanical stability. The particles did noi show any significant changes in terms 
of particle size and particle size distribution after aging two months, that is, flie mean particle 
size remains about 45 nm and the range of distribution is from about 5 nm to 100 nm. 

10 The first and second shinies described herein, may also be used in a method of chemical 
mechanical polishing as described above. Also, while this iirvention has been disclosed and 
discussed primarily in terms of specific embodiments thereof, it is not intended to be limited 
thereto. Other modifications and embodiments will be apparent to the skilled worker in the 
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^at fe claimed is: 

1. A chemical laiechanical polishing slurry for pdlMms a jxtetal film, ssM slujry 
CQinprising an orgaiiic 

5 

2. Ube chemical medianical pcdishing sluny according to claim 1 , wh^:^ said paetal Mm 
cornprises cppper, 

3. liie cheiiaical mecfaaBicd pbli^hmg ilutsy aee<H:dfia^ 1o clatei 1^ whmki the Qtg$mQ 
10 p<%TOeriaba:i^h^eisp0 

4. Ihe chmiic^ mechanteal poUshii^ shuxy accor^g to claim 1, wrhsa:^ the organic 
potpner abiasu^ is col^^ 

IS S. 13ie chemical mechanical polishing slurry according to claxm 1, vviiei^ehi oi^lasac 
polymer ahrasnre ispreses^i^ to 10. 

6. The chemical mechanical polishing slurry according to claim 1, wherein said organic 
polymer abrasive is present in said slurry in a concentration ran^g from about 3 to 8 

20 weight percent. 

7. The chemicEd mechanical polislung slurry according to clmm 1, wherein said organic 
polymer abrasive is present ly said slurry in a conc^trattiion of about 5 weight percent 

25 8. The ohenucal^-mechamo^ polisbing slurry accord^g to claun 1, wherein abrasive 

has a p£urticle sk:e distribution hi araii^ 10 to tTS nm. 

9. The ohermcai-mechaiucaA polislung slurry accordmg to daim 1, wherein said abrasive 
has a particle size distr&ution in a range of from a^^^ to '60 nm. 

30 

10. The chemical-mechanical polishing slurry according to claim 1, wherein said abrasive 
has a particle size distribution in a range of fr^^ to 55 nni. 

11. The chemical mechanical polishing slurry according to claim 1, further coniprising an 
35 oxidizing agent and an activating agent 



19 



BNSDOCID: <WO. 03016981A2.:I.> 



WO03/0l5*>81 



FCT/US02/2579i 



12. lEhe caieiiiical meebanied pc^lAing stairy aceorcBiig to daim 1, iwdierein ^aid slwacy 
% lay wdght oxidi^^ 

5 13. Ihe c&eradcd Jiffic^^ <Mm 12 fcrttier eon^ 

ab0ut0.t1to^2 

14. liie ^shfiMUG 

is selected fixma Bte gixaqp cimsisting of nc^^ and anionic. 

ID 

15. The chemical mechanical polishmg sluiry according to claim 13, wherein said surfactant 
isani(mic. 

16. The chemical mechanical polishing slurry according to claim 13, wherein sdd surifestent 
IS is water-soluble. 

17. The cheimcal nwdhanical polishing shmy accordnig to blaim 15^ wherein said anioiric 
jsurfectaiit is selected fem fte gfoup ccaisising <tf GailKJxylates,^^^a^^ su^ates and ^Ikyl 
phosphates. 

^0 

18. The dhemical mecjhanical polisWng slur^ accor&g to daSm 15, iw^ierein said amonic 
sui&u^tant is sodiuna kurel si^^ 

19. The tdtemicd mechanical poMdiing shj^ aecording to claim 1, further con^rising a pH 
25 modiBer selected from the group consisting of: potassium hydroxide, sodium hydrojdde, 

ammonium hydroxide and tetra methyl ammonium hydroxide wherein said pH modifier 
is present in an amount sufficient to modify the pH to a re^on of about 2 to 4. 

20. The chemical mechanical polishing slurry according to claim 11, wherein said oxicfizing 
3 0 agent is selected from the groi^ consisting of hydrogen peroxide, iodic acid, potassium 

iodate, and ammonium perborate. 

21. Hie chenucd mechanic^ polishing slimy according to clato 11, wherein SEdd oiddi^ 
agent is hycfcogen peroxide. 

35 

22. Hie chenncal mechanical poling slurry aecording to claMi 11, wherein said oxidizing 
agent is selected from the group coiisisting of hydrogen peroxide, iodic acid, potassium 

20 
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iodate, ferric mtrate, ammcniiiim chlorite, mon^miim chlorate, anxmoniusi iodate, 
amnsonium perhotate, ammoaium percMcnrate, aimnoniiim peiiockte ammonii^ 
persulfate, tetraimthylammonium chlorite, tettamefhylainixionimn cUicHate, 
tetramethylaiiiraoniuni iodate, tetramefhykinmomiiin perborate, tetr^elhylaiimoiiium 
p^chlorate^ tetraniethylanunonium periodate, tetrame&ylaminoiiiiim persul&te, urea, 4- 
methyhnorpholine N-oxide (CsHuNOa) and oxide-N-oxide, 

23. The cheixiical medianical polishing sluxry accor(&ig to claim 1, flirth^r coinprising a 
passivating agent 

24. The chemical mechanical polishing slurry according to claim 23, wherein said 
passivating agent is selected firom tlie group consisting of: BTA derivatives, such as BTA 
carboxylic acids, cystine, haloacetic acids, glucose and dodecyl mercaptan. 

15 25. The chemiGal mediattical polishing slurry according to claim 1, further eonprising a 

ciHnpli^diig ag^. 

26. The cheinic^ medhanicsa polishing slurty according to clmm 1 , having a |dl in a range 
of &om about 0.1 to 6^ 

20 

27. The chiOTtical ii^dhaiiical poMiit^ #nxy according to t^lahn 1, fiulher conpris^ mi 
oxidizing agent, an acfivatmg agent, a passivating ^ent and a coix^le^dng s^ent. 

28. The chemical medianical polishing slurry according to claim 1, wherein said slurry 
25 comprises from about 1 to 10 % by weight organic polymer abrasive; from about 1 to 20 

% by weight oxidizing agent; from about 0 to 5 % activatmg agent; from about 0^1 to 2 
% and from about 0.01 to 3 percent complexmg argent. 

29. The chemical mechanical polishing slurry according to claim 28, further comprising a 
30 pH modifier selected from the group consisting of potassium hydroxide, sodium 

hydroxide, ammonium hydro^de and tetra melfayl mimoniam hydroxide wherein such 
pH modifier is pres^ in an amount sufficient to modify Ihe pH to a region of about 2 to 
4. 



35 30. The chemical mechanical polishing slurry accor(Ung to claim 27, wherein said 

passivating agent is a carboxylic acid. 

21 
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3% Ike chemical mecbadicd politog slwrry aceotifing to claim 27, vviierem saii 
passivating ageirtis selected Stm the grcn^ cocQsistfaig of: BI^4envativ^, siiidh as B*EA 
ca]1>0?QrHc c^iae^ h^aoetic acids, glucose aiMl dodecja m^ 

5 32. The chCTsical mechanical polishmg slurry according to claim 28, Wherein said 

passivafjng agent is sielected fiom the group com 

carboxylic acids, ps^tine, haloacelic adds, glucose said dodecyl merc^taia. 

33. The chemical mechanical polishing slurry according to claim 27, wherein the passivating 
10 agent is selected fiom the group consisting of glycine, oxahc acid, malonic acid, succinic 

acid andnitrilotsiacetic acid. 

34. The chemical mechaaical poHdiing siurty ae^ 
agent is a dicarboxylic acid. 

15 

35. The chemical mecteiica! p^shmg skaiy accox^g to claim 34, wherein flie 
d]carbox;y^ a nitrogfiai containing ^ftinctional grcnp. 

3(S. The dhmnical inecdianical pcdiishing slurry accorcBng to oMm 34, wh^:^ the 
20 dicatboxyHc ac^ is imiEiocUace^ a^ 

37. The chemical mechaiiiealpcaSdui^g^d^^ wh^cein thepasaMtaig 

agent is iminodyiacetic acid. 

25 38. The chemical mechanical polishing slurry according to claim 1 , wherein the metal film 

comprises copper, a copper alloy or a copper compound having copper as its principal 
component. 

39. The chemical mechanical polidung slurry according to claim 1, wherein the metal Ska 
30 comprises alununum, an alunainum aUoy or an sdumidum confound having silunmnnn as 

its principal component. 

40. The chemical mechanicsd pdlistung slurry according to blaim 1 , "v^erein the metal film 
comprises tungsteii, a tun;^ten alloy or a tungsten codqpound haviii^ hmgsten as its 

35 princip^ conn^onent. 
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41 . The cheniical mechamcal polishBig sluxry acGOrdmg to claim 40, whei^ the tim^taa 
compound is%^ijngstea rnttide. 

42. Hie chetmcal mechamcal poHsfamg slmiy accordmg to claim 1, i^ereiia the metd 9to is 
5 sdected fiom groi^ 

hairing tita^m^itis pi^^ mmpon&it 

43. Ihe dhemical mechanical poUsfaong jduiry accoEding to claim 42, wherein the titanium 
conipound is selected i&om I3a& group consisting of titanium nitride and sOicon doped 

10 titamum nitride. 



44. The ehemieal mechanical polishing slurry according to claim 1, wherein the metal film is 
selected firom the group consisting of tantalum, a tantalum alloy or a tantalum compound 
haying tantalum as its principal component. 

15 

45. The chemical mechanical polishing slurry accordmg to cldm 44, wherein ike tantahnn 
coxxipound is selected &om &e group consisting of tantalum nitride and silicon doped 
tantalum nitride. 



20 46. The chemical mechanical polishing slurry accort^g to claim 27, wherein the activating 

agent is selected Sma the groiqp consisting of inorganic and organic aci<&. 

47. The chemical mechanical polishing slurry according to claim 4(S, wherein the inorganic 
acid is selected Ixmi the group consiisting of phospfaoi^ add and iodic acid. 

25 

48. The chemical mechanical polishing slurry according to claim 46, wherein the organic 
acid is selected fiom the group consisting of citric acid and malonic acid. 

49. The chemical mechanical polishing slurry according to claim 27, wherein the 
30 con^lexing agent is selected ftom the group consisting of citric acid and malomc acid. 



50. The chemical mechanical polishing duiry accordUng to claim 27, ferther comprising 
potassium hydroxide, so<^qm hydro^de or ammonium hydroTdde in such amounts to 
mocU:^ the pH to a re^on of about 0.1 to 6.9. 

35 

51. The chemic^ mechanicd polidiing slurry according to claim 1, wherein said sluny 
coniprises aibout 5 percent poly (methyl methacrylate) abrasive, about 5 percent 
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hydrogen peroxide, about 0.1 pereertt citric acid, about t>.2 percent imkodiacetic acid, 
about 0.013 percent aimnonm, and kbout 90 percent water. 

52. The dieinicsd mediaxucal pcs^^faing slurry according to claim SI bsvinig a jaf ^oot 
5 2.5. 

53. A method for chemical mechatucal polMaing copper, barrier maAsmi and dielecMc 
material, firom a semiconductor substrate, said nd^od comprisinglhe isteps 

a) provi^ng a first chemical mechanical polishii]^ starry con^JQsition 
10 comprising an organic polymeric abrasive; 

b) chemical mechanical polishing the semiconductor wafer substrate 
surfece witii said first slurry; 

c) providing a second chemical mechanical polishing slurry composition, 
wherein said second slurry has a higher reinoval rate on smd barrier material 

15 than said coppermaterial- and 

d) chemical mechmical polishitig said sennconductor wafer substrate 
surface wi& said second slurry. 

54. Hie poHshing method according to claim 53 wherein said first slinry has a copper 
20 imiovaitate of greater fflian abfl^ 

lhan about 500 A/min. 

55. The poHslnng method according to claim 53, v^erein said second i^urry comprises 
precipitated silica. 

25 

56. The poHshing method according to claim 53, wherein said second^s 
1-10% colloidal silica, and about 0-2% complexing agent 

57. The poUshing method accordmg to claim 56, wherein said colloidal silica has a partiGle 
30 size of about 3 to 100 nm. 

58. The pohshing m^hod accorditi® to claim 56, rw^erdn said coHoidal sflica has a mean 
partide size of less than about 20 nm. 

35 59. Tlie polishing method according to claSm 53, wherein said second sluiiy has a banier 

material removal rate of greater than about 1000 A/min and a copper removal rate of less 
than about 1000 A/min and cfielectric materid removal rate of < 500 A/mih. 
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60. The polishing metli^d acconUi^ to t:laim 53, i7f^b@i!eJn said^^j^^ slurry coixptk^es Bhmd 
l^S¥o colloidal^ilica and %mn about 0-1% mxipphimg agent 

61 . The polis^bizig method aocoidiiig Id claiixi 33, wherein ssM dielec^xic tmt&nal is silicon 
oxide. 

62. The polishing method according to claim S3, wherein said barrier material is selected 
from the group consisting of: tungst^ nitride, tantalum, tantalum nitride, silicon doped 
tantalum nitride, titanium nitride and silicon doped titanium nitride. 



63. The polishing method acccmJing to claim 53, wherein said first slurry has a copper 
removal rate of greater than about 1000 A/mm and a tantalum removal rate of less than 
about 500 A/min and said second slurry has a Mitalum removal rate of greats than about 
1000 AAnin and a copper removal rate of less than about 1 000 Mami and a didectric 

15 mateiMrenKnraliateof<5 

64. The pcjishnig method accordix^ to claim 33, wherein said first durry comprises an 
oTddiidng agent 

20 65> The poUshii^g medu>d accdrdhig to dami 64, yfthmdn ihe oxidizing agent is selected 

fiom the group consisting o£: faydtogm peros?dde, iodic add, ^^sftassium iode^ i^&im 
niti:ate, smEimoaium chlorite, ammonium iMorate, ammomum iodate, axnmdmum 
perborate, ammonium perdilorate, ammordmn periodate antimonium petsulfate, 
tetramethylammonium chlorite, tetramethylammonium cMorate, tetramethylammonium 

25 iodate, tetramethylammonium perborate, tetramethylammonium perchlorate, 

tetramethylammonium periodate, tetramethylammonium persulfate, urea hydrogen 
peroxide, 4-methylmprpholine N-oxide (GsHiiNOa) and oxide-N-oxide 

66. The polishing method according to claim 53, wherein said first slurry comprises a 
30 passiyating agent 

67. The polishing method accor<Ung to claim 53, wherein said first slurry comprises a 
cleanmg agent 

35 68. The polishing method according to clmm 57, wherein SMd passivating agent is a 

carboxyUc acid. 
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The polkhmg methc^ according to clam 68, wtoem said c^oxyUc acid is chosen 
from the group cojosistibig of: glycme, oxalic add, majonic acid, succimc acid md 
nitrilotriacetic acid. 

70. The poKshing melhod acconfing to daan 66, wherein said passivatJng ^gent is a 
dicaiSKixylic acid. 

71. Ihe poli£^yiig ine&od according to clahn 70, whereto isaid {ficatbois^^ add h^ a 
nitroj^ cont^ingBmctioiial group. 



72. The polishing method according to claim 73, wherein said first slurry comprises about 5 
percent poly-methyl metliacrylate abrasive; about 5 percent hydrogen peroxide; about 0.1 
p^ent citric acid; about 0.2 percent iminodiacetic acid; about 0.013 perc^ amnaonia; 
and said second step slurry comprises about 1-10% coHoidal silica; about 0-5% 

15 complexing agent. 

73. The polishing method according to claim 72, wh^dn said first sluny fut&er comprises 
potassimii or amnumiuin hydroxide in sucih amounts to tiaodify ihe pH to a repon of 
aboutO.1 to 6 J. 

20 

74. The poKshing method acccaxto^ claim 53 , wherein ihe metal fflta com^ copper, a 
copper attoy or a cGf>per confound having cqppar as its prindpal component 

75. The pohshing meftiod according to claim 53, wherein the metal fihn comprises 
25 aluminum, an aluminum alloy or an aluminum oompotind having aluminum as its 

jMciiidpal con^onent. 

76. The polisliing method according to claim 53, wherein the metal film comprises tungsten, 
a tungsten alloy or a tungsten compound having tungsten as its principal component. 

30 

77. The polishing mefliod according to cldm 76, wherein &e tungsten com^^ound is a 
tun^tm nitride, tantalum, tanMinn nitnde» siUcon doped tmtahmi nitride, titanium 
mitride and silicon doped titanium nitride 

35 78. The polishing method acconKng to claim S3, wherein the metal film is selected firom the 

group consisting of titanium, a titanium alloy, or a fitanimn con^jound haviug titanium a^ 
its principal component. 
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19, Ilie po^Hshing tc^^ according to diaim 7S/?vdim:em iie is Belected 

ftoin &esroui> consist^ 

80. The po^ishij^ daimSS, iniSier^ 

S a tatit^um aUoy c»: a laittate^ 
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